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Vaccines For Equine Herpesvirus Type-1: 
5 Viruses Harboring Mutations Within the Immediate Early Gene 



10 This invention relates to mutant Equine herpesvirus 

t ype-i (EHV-1) isolates, and in particular, EHV-1 isolates 
carrying mutations in. the sole immediate -early (IE) gene of 
the viral genome. The present invention further relates to 
vaccine compositions and methods of treating EHV-1 infections. 

15 Methods of determining the pathogenicity of an EHV-1 virus are 
also provided. 

Equine herpesvirus type-1 (EHV-1) is a major 
pathogen in horses. In infected animals, it is usually 

20 associated with upper respiratory tract infections, but may 

also cause neurological sequelae. EHV-1 infection in pregnant 
mares causes abortigenic disease and has an important 'economic 
impact on the worldwide equine industry. 

Although the horse is the natural host of the equine 

25 herpesviruses, a variety of animals and tissue culture systems 
can be used to propagate the viruses. Experimental animals 
•for EHV-1 include Syrian hamsters, baby hamsters, chick 
embryos, baby and adult mice, and kittens. Primary tissue 
culture systems used to propagate EHV-1 include cells from a 

30 variety of equine tissues such as fetal lung, dermis, spleen 
and kidney, as well as cells from domestic cats, dogs, 
hamsters, rabbits, mice, sheep and swine. In the laboratory, 
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permanent tissue culture systems commonly -used to cultivate 
EHV-1 include HeLa, Vero, CV-1, rabbit kidney (RK) , mouse L-M 
and equine Edmin337 cells. 

Natural respiratory EHV-1 infection of the horse 
5 only results in a short-lived humoral response and does not 
confer long-term protection against subsequent infection. A 
number of vaccines have been developed to combat EHV-1 
infections, among them inactivated vaccines which mostly 
contain both EHV-1 and EHV-4 (Pneumabort K™, Re sequin™, 

10 Prestige™ and Duvaxyn™) , modified live vaccines (Rhinomune™ 
or Prevaccinol™) and subunit vaccines (Cavalon. IR™) . 
However, some EHV vaccines cause undesirable side effects, and 
most do not afford acceptable levels of protection. There is 
a need for safe and effective vaccines against EHV-1 

15 infection. 

The present invention is directed to mutant equine 
herpesvirus type-1 (EHV-1) isolates carrying one or more 
mutations in the immediate- early (IE) gene of the viral 
20 genome . 

In particular, the present invention provides EHV-1 
isolates carrying in the IE gene of the viral genome, at least 
one of the mutations listed in Table 1. 

In a preferred embodiment, the present invention 
25 provides replication- competent EHV-1 isolates carrying one or 
more mutations in the IE gene. 

In particular, the mutation in the IE gene does not 
significantly interfere with the structure and/or function of 
any of the four domains of the IE protein, TAD (aa 1-89) , SRT 
30 (aa 181-220), DBD (aa 422-597) and NLS (aa 963-970), which are 
essential for viral replication. 
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In this embodiment, the present invention provides 
replication- competent EHV-1 isolates which carry a mutation in 
the IE gene that involves a substitution of an amino acid 
residue within TAD, SRT, DBD or NLS . Preferably, the 
5 substitution involves an exchange of amino acids within an 
exchange group, i.e., amino acids that resemble each other 
with respect to their overall impact on protein structure. 
More preferably, the substitution is one of D24N, D20N, F15D, 
L12E or E34Q. 

10 Particularly preferred mutations include insertions 

or deletions of one or more, preferably, at least three, more 
preferably at least five, amino acid residues within amino 
acid 90-180, 221-421, 598-962, or 971-1487. Most preferred 
mutations include d644/824 (deletion of aa 644-824) , nl029 

15 (nonsense mutation at 1029 and deletion of aa 1030-1487) , 
nl411 (nonsense mutation at 1411 and deletion of aa 1411- 
1487) , in628 (insertion at 1411) and inl411 (insertion at 
1411) . 

In a preferred embodiment, the present invention 
20 provides replication- competent EHV-1 isolates which carry one 
or more mutations in the IE gene and which have reduced 
virulence or no virulence, also referred herein as ''non- 
pathogenic 7 ' EHV-1 isolates. 

Non-pathogenic, replication competent EHV-1 isolates 
25 can be of an EHV-1 strain such as KyA, KyD, Ab4, Abl, RacLll, 
RacH and RacM wherein one or more mutations have been 
introduced into the IE gene of the viral genome. Preferred 
mutant EHV-1 isolates are KyA mutant isolates. 

The present invention is further directed to 
30 immunogenic compositions which include one or more of the non- 
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pathogenic, replication- competent mutant EHV-1 isolates 
described herein. 

The present invention further provides methods of 
stimulating an immune response against EHV-1 in a horse 
subject by administering to the horse an immunogenic 
composition of the present invention. 

Still further the present invention is directed to 
live attenuated vaccine compositions which include one or more 
of the non-pathogenic, replication-competent mutant EHV-1 
isolates described herein. 

Still even further, the present invention provides 
methods of treating EHV-1 infections in a horse by- 
administering to the horse subject, a therapeutically 
effective amount of a non-pathogenic, replication- competent 
mutant EHV-1 isolate of the present invention. 

Yet even further, the present invention provides 
methods for determining the pathogenicity of an EHV-1 strain 
present in a subject previously vaccinated with a non- 
pathogenic EHV-1 isolate of the present invention. The 
determination is achieved by carrying out assays which 
distinguish the wild type EHV-1 and the non-pathogenic EHV-1 
isolate previously administered to the subject. 



Figure 1 depicts the structure of the EHV-1 genome 
and location of the immediate-early gene. A schematic of the 
EHV-1 genome is shown at the top. The lower portion of the 
figure depicts the functional domains of the IE protein (1,487 
amino acids) : the transactivation domain (TAD, aa 3-89) , a 
serine rich tract (SRT, aa 181-220) , the DNA-binding domain 
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(DBD, aa 422-597), nuclear localization signal (NLS. aa 963- 
970) . 

Figure 2 depicts the recombination system to 
generate mutations in the IE gene. Left panel: Construct 
pIECassette contains the 5' portion of the IE gene. Unique 
NcoX and Nael restriction sites facilitate the cloning of 
sequences encoding mutagenized TADs spanning amino acids 3-89. 
Right panel: Construct pBR322IE contains the entire IE ORF. 
EcoRV/BamKX fragments from various pIECassette constructs 
containing mutagenized TADs were easily cloned into pBR322IE 
to reconstitute an ORF that encodes a mutant form of the IE 
protein. Alternatively, various domains were swapped, 
replacing the wild-type sequences with various mutagenized 
sequences. This vector was used to generate recombinant 
15 viruses. Recombination plasmids were transfected into IE13.1 
cells which were superinf ected with KyAAlE at 24 h post- 
transfection. Supernatants were screened on RK-13 cells for 
viruses that were able to propagate in the absence of 
complementing IE protein. 

Figure 3 depicts the Western analyses of EHV-1 
mutants. Panel A, infected-cell extracts (ICE) derived from 
RK-13 cells infected with EHV-1 KyA (Lanel), KyAd644/824 (Lane 
2), KyAnl411 (Lane 3), or KyAInl411 (Lane 4) at an MOI of 10. 
ICE were subjected to SDS-PAGE, and the proteins were blotted 
to nitrocellulose and were stained with the polyclonal anti-IE 
peptide antibody. The 200-kDa band representing the IE 
protein was clearly detected in Lanes 1, 3, and 4. The 175- 
kDa band derived from KyAd644/824 -infected ceils is shown in 
Lane 2. Panel B, Lane 1 shows the 200-kDa IE protein band 
detected in nuclear extracts of RK-13 cells infected with EHV- 
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1 KyA. Lane 2 shows the 13 8 kDa IE protein band detected in 
nuclear extracts of RK-13 cells infected with KyAnl029. 

Figure 4 depicts the growth analyses of selected IE 
mutant viruses. RK-13 cells were infected with either wild- 
type EHV-l KyA or selected EHV-1 IE mutant viruses at an MOI 
of 1 and incubated for 1 h at 37°C in 5% C0 2 to permit virus 
attachment. After attachment, the cells were washed three 
times with Eagle's without PBS to remove unattached virus and 
were incubated at 37°c in 5% C0 2 . At the times indicated after 
the attachment period, virus titers in the culture supernatant 
were determined by plaque assay using RK-13 cells. 

Figure 5A-5C depict the analysis of the CTL activity 
of the lymphocytes isolated from CBA mice immunized with wild 
type EHV-l or EHV-1 containing mutations in the IE gene. 

One aspect of the present invention is directed to 
novel mutant equine herpesvirus type-l (EHV-1) isolates 
carrying one or more mutations in the immediate -early (ie) 
gene of the viral genome. 

EHV-1 has a linear, double -stranded DNA genome, 
characterized by short and long unique sequences (U s and u h 
respectively) , and inverted repeats which flank the unique 
short sequences. The entire genome of EHV-1, strain Ab4, has 
been sequenced and shown to be 150,223 bp in size and contain 
80 potential open reading frames (ORPs) . 

The IE gene is the sole immediate- early gene of EHV- 
1 and is present in both inverted repeats of the viral genome. 
The open reading frame (ORF) of the IE gene (SEQ ID NO: 1) is 
transcribed to a 6.0-kb spliced mRNA that gives rise to both 
structurally and antigenically-related protein species 
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(Caughman et al. Virology 163:563-571, 1988). The predominant 
IE protein species of 1,487 amino acids (SEQ ID NO: 2) is 
comprised of discrete, functional domains (Figure 1) . A 
potent transcriptional activation domain (TAD) maps wit hin the 
first 89 amino acids. A serine rich tract ( SRT ; aa 181-220) 
may contain a site(s) for phosphorylation. The DNA-binding 
function lies within amino acid residues 422-597. Amino acids 
spanning 963-970 (NLS) are necessary for nuclear localization 
of the protein. 

The IE protein is essential for viral growth in cell 
culture and is required for both early and late gene 
expression during the course of a productive infection (Smith 
et al. J. Virol , 66:936-945, 1992). Following IE polypeptide 
synthesis, approximately 45 early transcripts can be detected. 
Three of these early proteins serve as regulatory proteins and 
are designated EICP22, EICP27 and EICP0. Early gene 
expression is followed by the production of approximately 29 
late transcripts and viral replication, after which mature 
virions are generated. 

The term "mutation" as used herein includes 
substitution, deletion or insertion of one or more base pairs 
in the IE coding sequence which results in a substitution, 
deletion or insertion of one or more amino acid residues in 
the IE protein. 

According to the present invention, EHV-1 isolates 
carrying mutations in the IE gene can be generated by a 
recombination system provided herein. In accordance with such 
system, mutations in the IE gene can be generated by employing 
any of the myriad recombinant cloning techniques, e.g., those 
described in Current Protocols in Molecular Cloning (Ausubel 
et al., John Wiley & Sons, New York) . A mutant IE nucleotide 
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sequence carrying one or more mutations is then placed on a 
recombination vector appropriate for transfection and 
transfected into an appropriate host cell, e.g., RK-13 cells. 
Transfected host cells are then infected with a null EHV-1 
virus devoid of the IE gene. Mutant viruses are thus 
generated by homologous recombination between the genome of 
the null virus and the recombination vector containing the 
mutant IE gene. Null EHV-1 viruses for use in this 
recombination system can be generated using any EHV-1 strain, 
e.g., KyA, KyD, Ab4, Abl , RacLll, RacH and RacM . A. deposit of 
the EHV-1 KyA strain was made with the American Tissue Type 
Culture, 10801 University Blvd., Manassas, VA 20110-2209, on 
July 20, 2000 (ATCC deposit # PTA-2253) . Null virus of strain 
KyA, i.e., KyAAlE, has been generated as described by Garko- 
Buczynski et al . ( Virology 248: 83-94, 1998). By way of this 
recombination system, mutant EHV-1 isolates carrying identical 
or different mutations in the two copies of the IE gene can be 
generated. Preferably, the mutant EHV-1 isolates of the 
present invention carry identical mutation (s) in both copies 
of the IE gene in the viral genome . 

One embodiment of the present invention provides 
EHV-1 isolates carrying in the IE gene of the viral genome, at 
least one of the mutations listed in Table 1. 



Table 1 



Deletion Mutations 

ASRT1 

ASRT2 

dl78/627 

d552/897 



Nature of Mutation 

aa 181-250 deleted 
aa 88-243 deleted 
aa 178 to 627 deleted 
aa 552 to 897 deleted 



Domain Affected 
Deletion ofSRT 
Deletion of SRT 
Deletion of SRT and DBD 
Deletion of part of DBD 
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d644/824 

Nonsense Mutations 

n627 

n951 

nl029 

nl411 

Insertion Mutations 

in628 
inHll 



aa 644 to 824 deleted 

aa 628-1487 deleted 
aa 952-1487 deleted 
aa 1030 -1487 deleted 
aa 1412 - 1487 deleted 

insertion at aa 628 
insertion at aa 1411 



Point Mutations: Amino Acid Substitutions 

D24N Asp24toAsn 

D20N Asp20toAsn 

F15D Phel5toAsp 

L12P Leu 12 to Pro 

L12E Leu 12 to Glu 

E34Q Glu 34 to Gin 



Deletion of NLS and C-term 
Deletion of NLS and C-term 
Deletion of C-term 
Deletion of C-term 



Point mutation in TAD 
Point mutation in TAD 
Point mutation in TAD 
Point mutation in TAD 
Point mutation in TAD 
Point mutation in TAD 



In a preferred embodiment, the present invention 
provides mutant EHV-1 isolates that are replication- competent . 

The term "replication competence" as used herein 
refers to the ability of a viral isolate to propagate in a 
host cell in the absence of a complementing IE protein 
expressed in trans. 

According to the present invention, the replication 
competence of a mutant viral isolate can be determined by a 
number of assays, e.g., a plaque assay using non- complementing 
cells (cells that do not express IE protein) . in this assay, 
cells of a monolayer are infected with a mutant isolate of 
interest and are subsequently overlaid with 2% agarose mixed 
in a 1:1 ratio with appropriate growth medium. Host cells 
which can be employed for this purpose include cells from a 
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variety of equine tissues such as fetal lung, dermis, spleen 
and kidney, as well as cells from domestic cats, dogs, 
hamsters, rabbits, mice, sheep and swine. Typically, cells 
commonly used to cultivate EHV-1 in tissue culture are used, 
5 including HeLa, Vero, CV-1, rabbit kidney (RK) , mouse L-M and 
equine Edmin337 cells. Preferably, RK-13 cells are used in 
the assay. 

A mutant viral isolate is "replication competent" if 
such mutant isolate can form plaques on the non- complementing 

10 cells, even if the plaques may be of a smaller size than those 
formed by wild type EHV-1. Replication- incompetent cells can 
only form plaques in complementing cells where the IE protein 
is expressed in trans e.g., IE13.1 cells. 

According to the present invention, four domains of 

15 the IE protein, TAD (aa 1-89), SRT (aa 181-220), DBD (aa 422- 
597) and NLS (aa 963-970), are essential for viral 
replication. Thus, mutations in the IE gene that 
significantly interfere with the structure and/or function of 
these four domains likely produce replication incompetent 

20 viral isolates. For example, a deletion of five or more 
contiguous amino acid residues within any of these four 
domains of the IE protein is likely disruptive to the function 
of such domain, and the resulting mutant virus is likely to be 
replication- incompetent . However, substitution of one or more 

25 amino acid residues to residues similar in size and/or 

hydrophobicity can be less disruptive to the structure and/or 
function of the respective domain and thus, the resulting 
mutant virus can still be replication-competent. 

Accordingly, one embodiment of the present invention 

30 provides replication- competent EHV-1 isolates harboring at 

least one mutation in the IE gene, wherein the mutation is a 
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substitution at a residue anywhere within TAD (aa 1-89) , SRT 
(aa 181-220) , DBD (aa 422-597) or NLS (aa 963-970) and wherein 
the mutation does not substantially disrupt the function of 
the IE protein in viral replication. 

Although not limited to any specific formula, a 
preferred substitution according. to the present invention can 
be between amino acids within an exchange group, i.e., amino 
acids that resemble each other with respect to their overall 
impact on protein structures. For example, aromatics Phe, Tyr 
and Typ form an exchange group; the positively charged 
residues Lys, Arg and His form an exchange group; the large 
aliphatic non-polar residues Val, Leu and He form an exchange 
group which also contains the slightly polar Met and Cys . All 
small residues Ser, Thr, Asp, Asn, Gly, Ala, as well as Glu, 
Gin and Pro are also within an exchange group. 

More preferably, the substitution is one of D24N, 
D20N, F15D, L12E or E34Q. Even more preferably, the mutant 
EHV-1 isolates carrying one or more of these subtitutions are 
of a strain selected from KyA, KyD, Abl, Ab4, RacLll, RacM or 
RacH. Particularly preferred mutant EHV-1 isolates are 
KyAD24N, KyAD2 0N, KyAFlSD, KyAL12E and KyAE34Q. 

In another preferred embodiment of the present 
invention, the replication-competent mutant EHV-1 isolates 
harbor a mutation that is localized outside of any of the four 
domains described above and does not cause any substitution, 
deletion or insertion within any of the TAD (aa 1-89), SRT (aa 
181-220), DBD (aa 422-597) and NLS (aa 963-970) domains. 

Particularly preferred mutations include insertions 
or deletions of one or more, preferably, at least three, more 
preferably at least five, amino acid residues within the 
region of amino acid 90-180, 221-421, 598-962, or 971-1487. 
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Most preferred mutations include d644/824 (deletion 
'of aa 644-824), nl029 (nonsense mutation at 1029 and deletion 
of aa 1030-1487), nl411 (non-sense mutation at 1411, and thus 
deletion of aa 1411-1487), in628 (insertion at 1411) and 
inl411 (insertion at 1411) . The mutant EHV-1 isolates 
carrying one or more of these mutations are preferably of a 
strain selected from KyA, KyD, Abl, Ab4, RacLll, RacM or RacH, 
and more preferably, KyA. 

In a preferred embodiment, the present invention 
provides replication-competent mutant EHV-1 isolates that have 
reduced virulence or no virulence, also referred herein as 
"non-pathogenic" or "attenuated" EHV-1 isolates. 

The term "virulence" or "pathogenicity" as used 
herein refers to the capacity of a strain of EHV-1 to induce 
EHV-l-related diseases in horses, e.g.,' infection in the 
respiratory tracts, spontaneous abortions as well as 
neurological diseases. Infections caused by pathogenic EHV-l 
are typically characterized by fever, profuse nasal discharge 
and congestion of the nasal mucosa. Accordingly, a -non- 
pathogenic" or "attenuated" strain of EHV-1, or an EHV-1 
strain with "reduced virulence" as used herein is a strain 
having a substantially reduced capacity, as compared to a 
pathogenic EHV-1, in inducing the development of EHV- related 
clinical diseases. 

According to the present invention, the 
pathogenicity of an EHV-1 isolate can be conveniently 
determined in mouse models. Clinical signs of EHV-1 infection 
in mice include, e.g., ruffled fur, loss of body weight, 
labored breathing, lethargy and huddling, as described by, 
e.g., Colle et al . Virus Res. 43: 111-124 (1996) and Zhang et 
al. Virus Res. 56: 11-24 (1998). In addition, the degree of 
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infection can also be assessed by isolating the viruses from 
the lungs of infected mice, plating the viruses on RK-13 cell 
monolayers and determining the number of plaques formed, as 
described in the Examples that follow. 

The non-pathogenic mutant EHV-1 isolates of the 
present invention can be generated by introducing a mutant IE 
gene into null viruses of a non-pathogenic EHV-l strain via 
the recombinant system described herein. Any of those 
naturally non-pathogenic EHV-l strains or EHV-1 strains that 
are made non-pathogenic by laboratory procedures can be used 
for generating null-viruses, e.g., KyA, KyD, Ab4, Abl, RacLll, 
RacH and RacM. Null viruses of any of these non-pathogenic 
EHV-1 strains can be generated, e.g., by following the 
procedure described by Garko-Buczynski et al.' ( Virology 248: 
83-94, 1998) . 

A preferred EHV-1 strain for use in generating the 
mutant isolates of the present invention is the EHV-l KyA 
strain, a deposit of which was made with the American Tissue 
Type Culture, 10801 University Blvd. , Manassas, VA 20110-2209, 
on July 20, 2000 (ATCC deposit # PTA-2253) . 

Accordingly, preferred non-pathogenic, replication 
competent mutant EHV-l isolates of the present invention 
include KyA isolates carrying at least one mutation in the IE 
gene, wherein the mutation is a substitution at a residue 
anywhere within TAD (aa 1-89), SRT (aa 181-22.0), DBD (aa 422- 
597) or NLS (aa 963-970) and wherein the mutation does not 
substantially disrupt the function of the IE protein in viral 
replication. Examples of such mutant EHV-l isolates are 
KyAD24N, KyAD20N, KyAF15D, KyAL12E and KyAE34Q. 

Other preferred non-pathogenic, replication 
competent mutant EHV-l isolates of the present invention 
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include KyA isolates carrying at least one mutation in the IE 
gene, wherein the mutation is localized outside of any of the 
four domains described above and does not cause any 
substitution, deletion or insertion within any of the TAD (aa 
1-89), SRT (aa 181-220), DBD (aa 422-597) and NLS (aa 963-970) 
domains. Examples of such mutant EHV-1 isolates are 
KyAd644/824, KyAnl029, KyAnl411, KyA±n629 and KyAinl411. 

In a further aspect of the invention, the non- 
pathogenic, replication-competent mutant EHV-1 isolates of the 
present invention as described hereinabove are included in 
immunogenic compositions. 

By "immunogenic" is meant the capacity of an EHV-1 
isolate in provoking a immune response in a horse subject, 
either a cellular immune response mediated primarily by 
cytotoxic T- cells, or a humoral immune response mediated 
primarily by helper T- cells which in turn activate B-cells 
leading to antibody production. 

The immunogenic compositions of the present 
invention include at least one, i.e., one or more of the non- 
pathogenic replication competent mutant EHV-1 isolates 
described hereinabove. Preferred mutant EHV-1 isolates to be 
included in the immunogenic compositions include, e.g., an 
EHV-1 isolate harboring one or more of the mutations D24N, 
D20N, F15D, L12E or E34Q in the IE gene, or an EHV-1 isolate 
25 harboring one or more mutations within aa 90-180, 221-421, 

598-962 or 971-1487 of the IE protein. Preferably, the mutant 
EHV-1 isolates for use in an immunogenic composition of the 
present invention are of a non-pathogenic EHV-1 strain such as 
KyA, KyD, Ab4, Abl, RacLll, RacH and RacM. Particularly 
preferred mutant EHV-1 isolates for use in an immunogenic 
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composition include KyAD24N, KyAD20N, KyAFlSD, KyAL12E , 
KyAE34Q, KyAd644/824, KyAnl411 and KyAinl411. 

The immunogenic compositions of the present 
invention can also include additional active ingredient such 
as other immunogenic compositions against EHV-1, e.g., those 
described in U.S. Patent 5,707,629 (-Immunogenic composition 
against equine herpesvirus type 1") and U.S. Patent 5,795,578 
("Vaccine against equine herpesvirus type 1) , or immunogenic 
compositions against EHV-4. 

In addition, the immunogenic compositions of the 
present invention can include one or more pharmaceutically- 
acceptable carriers. 

As used herein "a pharmaceutically acceptable 
carrier" includes any and all solvents, dispersion media, 
coatings, adjuvant, vaccine stabilizing agents, antibacterial 
and antifungal agents, isotonic agents such as sugar and 
sodium chloride, adsorption delaying . agents , and the like. The 
use of such media gents for pharmaceutical active substances 
is well known in the art. Except insofar as any conventional 
media or agent is incompatible with the active ingredient, use 
thereof in the immunogenic compositions is contemplated. 
Supplementary active ingredients can also be incorporated into 
the compositions. 

The immunogenic compositions of the present 
invention can made in forms suitable for injectable use, e.g., 
in the form of sterile aqueous solutions or dispersions, or 
can be made in lyophilized forms using vacuum-drying and 
freeze-drying techniques. Lyophilized vaccine compositions 
are typically maintained at about 4°C, and can be 
reconstituted in a stabilizing solution, e.g., saline or and 
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HEPES , with or without adjuvant. m all cases the form of the 
immunogenic compositions must be sterile. 

The immunogenic compositions of the present 
invention can be administered to a horse to induce an immune 
response against EHV-1. Accordingly, another embodiment of 
the present invention provides methods of stimulating an 
immune response against EHV-1 in a horse subject by 
administering an effective amount of any one of the above- 
described immunogenic compositions of the present invention. 
The amount of an immunogenic composition to be 

adminisitered to be "effecHvp" Hn _ 

we ei receive in inducing an immune response 

may depend on the immunogenicity of the particular EHV-1 
isolate used in the immunogenic composition. According to the 
present invention, the immunogenicity of an EHV-l isolate, 
15 i.e., the type and extent of an immune response induced by a 
viral isolate can be conveniently assessed in mice, which are 
generally accepted as models representative of horse subjects. 
A variety of techniques may be used for analyzing the immune 
responses induced in mice by a viral isolate. For example, 
one skilled in the art can determine whether a viral isolate 
induces a cell-mediated immune response by, e.g., detecting 
the presence of responding CTLs in the mouse spleen or other 
lymphoid tissues. One skilled in the art can also readily 
determine whether a viral isolate stimulates a humoral immune 
response by, e.g., detecting the neutralizing titer of EHV-1 
specific antibody in the serum or the presence of antibody 
secreting cells in the serum. These techniques are well 
described in the art, e.g., Coligan et al. Current Protocol, 
in Immunology. John Wiley & Sons Inc. (1994) . 

For inducing an immune response, an immunogenic 
composition of the present invention can be administered to a 
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horse subject via intravenous, intraperitoneal, intramuscular, 
or intramucosal (e.g. nasal or respiratory spray or injection) 
routes, or by other forms of parenteral administration. An 
immunogenic composition can also be administered via an 
implant or orally. 

Another embodiment of the present invention is 
directed to live attenuated vaccine compositions. 

More specifically, the vaccine compositions of the 
present invention include one or more of the non-pathogenic, 
replication- competent mutant EHV-1 isolates as described 
hereinabove . 

The infection of a cell or cells by a pathogenic 
strain of EHV-1 leads to the production of pathogenic virions 
in the infected subjects and the EHV-1 related diseases. In 
contrast, a non-pathogenic EHV-1 strain of the present 
invention generally replicates to an extent to sufficient to 
protect the subject against challenge by a virulent or 
pathogenic EHV-1 strain. 

The term "vaccine" as used herein refers to a 
composition which prevents or reduces the risk of infection or 
which ameliorates the symptoms of infection. The protective 
effects of a vaccine composition against a pathogen are 
normally achieved by stimulating an immune response in the 
subject which may involve either or both of cell-mediated or 
humoral immune response. The strength and duration of the 
immune responses induced by an EHV-1 isolate can be taken into 
consideration in determining the amount of such isolate that 
should be included in a vaccine composition, as- well as the 
vaccination schedules. Generally speaking, abolished or 
reduced incidences of EHV-1 infection, amelioration of the 
symptoms, or accelerated elimination of the viruses from the 
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infected subjects are indicative of the protective effects of 
a vaccine composition. 

Preferred non-pathogenic, replication competent 
mutant EHV-1 isolates, which can be used in a vaccine 
composition include, e.g., an EHV-l isolate harboring one or 
more of D24N, D20N, P15D, L12E or E34Q in the IE gene. 
Preferably, the mutant EHV-1 isolate for use in a vaccine 
composition is of a non-pathogenic EHV-1 strain such as KyA, 
KyD, Ab4, Abl, RacLll, RacH and RacM. Particularly preferred 
EHV-1 isolates for use in a vaccine composition include 
KyAD24N, KyAD20N, KyAF15D, KyAL12E and KyAE34Q. 

Other preferred non-pathogenic, replication 
competent mutant EHV-1 isolates which can be used in a vaccine 
composition include an EHV-1 isolate harboring one or more 
mutations within aa 90-180, 221-421, 598-962, or 971-1487 of 
the IE protein, for example, d644-824, nl411 and inl411. 
Preferably, the mutant EHV-1 isolate for use in a vaccine 
composition is of a non-pathogenic EHV-l strain such as KyA, 
KyD, Ab4, Abl, RacLll, RacH and RacM. Particularly preferred 
EHV-1 isolates for use in a vaccine composition include 
KyAd644/824, KyAnl411 and KyAinl411. 

The vaccine compositions of the present invention 
can also include additional active ingredient such as other 
immunogenic compositions against EHV-1, e : g ., those described 
in U.S. Patent 5,707,629 ("Immunogenic composition against 
equine herpesvirus type 1") and U.S. Patent 5,795,578 
("Vaccine against equine herpesvirus type 1), or immunogenic 
compositions against EHV-4. 

Furthermore, the vaccine compositions of the present 
invention can include one or more pharmaceutically-acceptable 
carriers as described hereinabove. 
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The vaccine compositions of the present invention 
can made in forms suitable for injectable use, e.g., in the 
form of sterile aqueous solutions or dispersions, or can be 
made in lyophilized forms using vacuum-drying and freeze- 
drying techniques. Lyophilized vaccine compositions are 
typically maintained at about 4°C, and can be reconstituted in 
a stabilizing solution, e.g., saline or and HE PES , with or 
without adjuvant. In all cases the form of the vaccine 
compositions must be sterile. 

In another embodiment of the present invention, the 
above vaccine compositions of the present invention are used 
in treating EHV-1 infections. Accordingly, the present 
invention provides methods of treating EHV-1 infections in a ' 
horse by administering to the horse subject, a therapeutically 
effective amount of a non- pathogenic EHV-1 isolate of the 
present invention. ! 

By "treating" is meant preventing or reducing the 
risk of infection by a pathogenic strain of EHV-l, 
ameliorating the symptoms of an EHV-1 infection, or 
accelerating the recovery from an EHV-1 infection. 

The amount of a non-pathogenic EHV-1 isolate that is 
therapeutically effective may depend on the nature of the 
isolate, the condition of the horse and/or the degree of 
infection, and can be determined by a veterinary physician. 

In practicing the present methods, a vaccine 
composition of the present invention can be administered to a 
horse subject via intravenous, intraperitoneal, intramuscular, 
or intramucosal (e.g. nasal or respiratory spray or injection) 
routes, or by other forms of parenteral administration. A 
vaccine composition can also be administered via an implant or 
orally. Boosting regiments may be required and the dosage 
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regimen can be adjusted to provide optimal immunization. The 
vaccination of a mare prior to breeding and again during her 
pregnancy may prevent abortions caused by EHV-l. Other horses 
can be vaccinated, for example, about once a year. Foals can 
5 be vaccinated shortly after birth. 

Non-pathogenic, replication competent mutant EHV-1 
isolates of the present invention can also have immune 
protective effects against infections caused by equine 
herpesvirus type 4 (EHV-4) . Thus, the use of the mutant EHV-1 

10 isolates of the present invention in immunogenic or vaccine 
compositions for preventing or inhibiting EHV-4 infections is 
also contemplated by the present invention* 

The vaccine compositions of the present invention 
have the additional feature that the non-pathogenic EHV-1 

15 isolate included therein is generally discerhable from wild 

type EHV-1 strains in terms of the composition and size of the 
IE protein expressed, or the sensitivity of growth to 
temperature. This feature is useful, e.g., in determining 
whether a subject tested positive for EHV-1 in certain 

20 laboratory tests carries a pathogenic EHV-1 or a previously 
inoculated non-pathogenic EHV-1. 

Accordingly, in another embodiment, the present 
invention provides methods of determining the pathogenicity of 
an EHV-1 strain present in a subject previously vaccinated 

25 with a non-pathogenic EHV-1 isolate of the present invention. 

As the methods are premised on a distinction between 
the wild type EHV-1 and the non- pathogenic EHV-1 isolate 
previously administered to the subject, the choice of assays 
for making the distinction depends on the nature of the 

30 mutation of the non-pathogenic EHV-1 isolate. 
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When the non-pathogenic viral isolate previously 
administered to the subject contains a deletion in the IE 
gene, EHV-1 having d644/824, nl029 or nl411, assays based on 
detection of IE proteins or antibodies in serum against IE 
proteins can be employed. For example, infected cells or 
tissues can be isolated from the subject. Intracellular 
extracts can be made from such cells or tissues and can be 
subjected to, e.g., Western Blot analysis, as described in the 
Examples hereinbelow. The observation of an IE protein of a 
lower Mw is indicative of the non-pathogenicity of the EHV-l 
strain present in the subject. Alternatively, an antibody 
specific for the deleted portion of amino acid residues can be 
used in Western Blot, and absence of an IE protein band is 
also indicative of the non-pathogenicity of the EHV-1 strain 
present in the subject. Additionally, the absence of 
antibodies in the serum against the deleted or truncated 
portion of the IE protein, may also be an indication of the 
non-pathogenicity of the virus in the subject. The presence 
or absence of antibodies in the serum of the subject can be 
determined by using a peptide corresponding to the deleted 
portion in an appropriate immunoassay, e.g., ELISPOT. 

When the non-pathogenic viral isolate previously 
used in vaccination has a different sensitivity to temperature 
as compared to wild type EHV-1, temperature shift assays can 
also be used, as described in the Examples hereinbelow. For 
example, such assays can be applied in distinguishing wild 
type EHV-1 from, e.g.,.EHV isolates having d644/824, nl029, 
nl411, inl411, D24N, L12E, F15D or E34Q, and in particular,' 
nl029 and nl411. Unlike wide type KyA, KyAnl411 and KyA1029 
fail to grow at 39 c. KyA carrying d644/82 4/ inl41l, D24N, 
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L12E, F15D or E34Q has a reduced capacity to grow as compared 
to wild type KyA. 

The determination of the pathogenicity can also be 
achieved by using nucleic acid-based assays to. screen for 
mutations in the IE gene of the viruses isolated from the 
subject. These assays include Southern or Northern blot 
analysis, PCR, and sequencing. 

A mutation in the IE gene may result in a reduced 
expression of another EHV-l protein, e.g., EICPO or gD. For 
example, nl029 causes significant reduction in the mRNA levels 
of both EICPO and gD. in this case, detection of the reduced 
expression of such other proteins, either at the mRNA level or 
the protein level is indicative of the non-pathogenicity of 
the virus in the subject. 

Any variations of the foregoing assays are also 
encompassed by the present invention. 

The present invention is further illustrated by the 
following examples. 
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Example 1 
Materials and Methods 

Mouse LM cells were propagated in suspension culture 
5 with YELP medium (Eagle's minimum essential medium [EMEM] 
supplemented with yeast extract, lact albumin hydrolysate, 
peptone) containing 0.12% methylcellulose-12 / 100 }\g/ml 
streptomycin, 100 U/ml penicillin, and 5% fetal bovine serum 
(FBS) . 

10 Rabbit kidney cells (RK-13) were maintained in 

complete EMEM supplemented with 100 jig/ml streptomycin, 100 
U/ml penicillin, nonessential amino acids and 5% PBS. 
Infectious virus was measured by a plaque assay as described 
by Perdue et al . Virology 59: 201-216 (1974). 

15 IE13.1 cells express the IE protein in trans and 

both copies of the IE gene on the viral genome are replaced 
with LacZ sequences from E. coll. Generation and 
characterization of IE13 . 1 cells as well as the IE knock-out 
virus KyAAlE were described by Garko-Buczynski et al. Virology 

20 248: 83-94 (1998) . 
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Example 2 
Generation of Mutant Viruses 

Plasmids 

A recombination system was established (Figures 1-2) 
so that a panel of mutant viruses could be generated by 
homologous recombination between the KyAAlE viral genome and 
various recombination vectors derived from plasmid pBR322IE. 

To generate the first recombination vector pBR322IE, 
PBR322 was digested with EcoRV and PvuII, and the resulting 
fragment was re-ligated to generate plasmid pBR322E/P. An 
8.0-kb JVdel fragment containing the entire IE ORF from nt -215 
to nt +8140 of the IE gene (Grundy et al . , Virology 172: 223- 
236, 1989) was cloned into the sole Ndel site of pBR322E/P to 
generate pBR322IE. A second vector, pIECassette, was 
generated by cloning an EcoRV/BamKl fragment that harbors nt - 
257 to +1266 of the IE ORF into the EcoRV/BamHT sites of 
pBR322. 

A "domain swap" strategy was used to generate 
recombination plasmids containing mutant IE forms with 
nonsense, insertion, point, or deletion mutations. 
Recombination plasmids pBR322nl411, pBR322d644/824 , 
pBR322In628, and pBR322nl029 were generated by digesting 
PBR322IE with BamHX and PvuII and replacing this fragment with 
mutagenized BamHI -PvuII IE ORF sequences derived from mutants 
described by Smith et al . J, Virol. 69: 3857-3862 (1995). 
Plasmids pBR322dl78/627 and pBR322d552/897 we're generated by 
digesting pBR322IE with tfcol and PvuII and replacing this 
fragment with mutagenized Ncol -PvuII IE ORF sequences derived 
from mutants described by Buczynski et al . , Virus Res . 65: 
131-140 (1995) and by Caughman et al; J. Virol. 69: 3024-3032 
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(1995) . Recombination plasmid pBR322ASRTl was generated by 
digestion of pSVlE with BspEl (nt 1523 to nt 1733) followed by 
fill-in with Klenow to generate blunt-ends and insertion of an 
in-frame 10-mer EcoRl linker. To construct the pBR322IEASRT2 
vector, plasmid pSVIE was first digested with HindXXI and 
Bami, and the resultant Hindlll-BamHI fragment was cloned 
into the Hindlll-BamHI sites of pUCIO to generate plasmid 
pUIE. pUIE was digested with Nael and self-ligated to 
generate plasmid pUIEASRT2 . Plasmid pUIEASRT2 was digested 
with NcoX, and the resultant fragment was cloned into the NcoX 
site of pBR322IE. To generate mutants containing point 
mutations within the IE transactivation domain (TAD) , PCR 
mutagenesis (Stratagene) was performed utilizing primers 
harboring the mutation of choice (Oligo's Etc. Wilsonville, 
OR; Integrated DNA Technologies, Inc., Coralville, IA) . 
Mutagenized TADs were cloned into the pCR-Blunt vector 
(Invitrogen, Carlsbad, CA) and were sequenced in their 
entirety to confirm the presence of the desired mutation. 
Mutagenized TADs were cloned into unique NcoX -Nael sites of 
the vector pIECassette. EcoRV and BamHI fragments housing 
various mutagenized TADs were then cloned into the tfcoRV-BamHI 
sites of the pBR322IE vector, thereby generating a 
reconstituted IE ORF with the mutation of choice. The 
recombination vectors containing nonsense, insertion, point, 
or deletion mutations in the IE gene were used to generate 
mutant viruses that allowed domains of the IE protein 
essential for virus replication to be identified. 

DNA Transfections and Production of Mutant Viruses. 
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RK-13 cells were transfected with various 
recombination vectors containing a mutant IE gene , followed by 
infection with the null virus KyAAlE. Mutant viruses were 
thus generated by homologous recombination between the KyAAlE 
5 viral genome and various recombination vectors containing 
mutant IE genes. 

The recombination vector of choice was transfected 
into RK-13 cells as follows. RK-13 cells were plated at a 
density of 2.5 x 10 6 cells per 25cm 2 in complete EMEM and 
10 permitted to attach overnight at 3 7°C in 5% C0 2 . The following 
day, RK-13 monolayers were subjected to liposome-mediated DNA 
transf ection using Lipofectin reagent (Life Technologies, 
Grand Island, NY) according to the manufacturer's 
instructions. More specifically, liposomes were prepared by 
15 mixing 2 0ul Lipofectin reagent with 23 0ul serum- free EMEM and 
incubating the mixture at room temperature for 45 min. Up to 
lOug DNA prepared in a separate tube containing 250jil serum- 
free EMEM was gently mixed into the preformed liposome 
solution. The liposome-DNA mixture was incubated at room 
temperature for an additional 15 min, and the RK-13 cell 
monolayers were washed three times with serum- free EMEM. The 
liposome-DNA solution was added drop-wise to each RK-13 cell 
monolayer containing 1 ml serum- free EMEM. The cells were 
incubated at 37°C in 5% C0 2 for 5 h. Five to ten ml of EMEM 
25 supplemented with 5% FBS were added to transfected cells after 
5 h, and the cells were further cultured at 37°C in 5% C0 2 . 

At approximately 24 h post- transf ection, cells were 
superinfected at an MOI of 10 with KyAAlE. Cells were 
monitored for cytopathic effects (CPE) , and culture 
supernatants containing putative recombinant virus were plated 



26 

SUBSTITUTE SHEET (RULE 26) 



20 



30 



WO 02/09750 

PCT/USOl/23612 



10 



in 10 -fold dilutions on confluent IE13.1 cells. IE13.1 cells 
were overlaid with 2% agarose mixed in a 1:1 ratio with 2X 
EMKM supplemented with 6% FBS and 1 mM BluoGal (Life 
Technologies) to distinguish between white and blue plaques. 
White plaques were picked and subjected to five rounds of 
plaque purification on IE13.1 cells to ensure the removal of 
residual KyAAlE. 

PCR analyses of virus isolates. 

Mutant viruses isolated from plaque-purified stocks 
were subjected to both PCR and DNA sequence analyses using the 
lacz- or IE- specific to confirm that both IE ORFs of each 
mutant virus harbored the desired mutation. 

Viruses were isolated from culture supernatants by 
15 ultracentrifugation in an SW50.1 rotor at 28,000 rpm for 2 h 
at 4°C. Supernatants were aspirated, and the remaining pellet 
was resuspended in 50 ul of RIPA buffer (150mM NaCl, 50mM 
Tris-HCl [pH 8.0], 0.1% SDS, 0.5% deoxycholate, 1% NP40) and 
incubated at room temperature for 1 h with occasional mixing. 
20 Resuspended pellets served as templates for PCR analyses. IE- 
specific DNA fragments were amplified using an IE forward 
primer (5 ' CCTTCCCTTCTCGGTCTT3 ' (SEQ ID NO: 3); nt 913-930) and 
an IE reverse primer ( 5 ' CTCCACCCCGAACATGTT3 ' (SEQ ID NO: 4) ; 
nt 1155-1138) . The lac2-specific DNA fragments were amplified 
using the IE forward primer (above) and a lacZ- specif ic primer 
( 5 ' GGGTAACGCCAGGGTTTT3 ' ( SEQ ID NO: 5)) derived from the 5' 
coding region of the E. coli lacZ gene. The mutations were 
confirmed by sequence analyses using Promega's fmol Sequencing 
System (Madison, WI) . 
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In the case of the mutant viruses, it was found that 
both copies of the bacterial lacZ ORF of KyAAlE parent virus 
were replaced with the mutated IE ORF derived from the 
recombination vectors. 

5 
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Example 3 

Expression of Mutant IE Proteins in Infected Cells 

Western blot analyses were performed to confirm that 
the IE protein was produced in infected cells and was of the 
predicted size. These analyses were especially important for 
mutant viruses containing large deletions in the IE gene since 
these deletions could result in the synthesis of IE proteins 
that are highly unstable. 

Infected cell extracts were prepared according to 
the protocol described by Garko-Buczynski et al. ( Virology 
248: 83-94, 1998). 

Nuclear extracts of EHV-1 infected cells were 
prepared by a modification of the procedures .described by 
! Paterson et al. ( Nuc. Acids. Res . 16:11005-11025, 1988). rk- 
13 cells were infected with wild-type EHV-1 or mutant EHV-1 at 
an MOI of 10. Six h post-infection, cells were scraped into 
PBS, pelleted, and resuspended into 4 volumes of buffer A (10 
mM HE PES [ P H 7.0], 1.5 mM MgCl 2 , 10 mM KC1 , 0.5 mM DTT, 0.5% 
NP40, and 0.5 mM TPCK) . Cells were incubated 10 min on ice, 
and the nuclei were pelleted at 14,000 rpm for 5 min in a 
microcentrifuge. The supernatant was discarded, and the 
nuclei were resuspended in 2 volumes of buffer B (2 0 mM HE PES 
[pH 7.9], 25% glycerol, 0.42 M NaCl 2 , 1.5 mM MgCl 2 , 10 mM KC1, 
0.2 mM EDTA, 0.5 mM PMSF, and 0.5 mM TPCK) and incubated on 
ice for 3 0 min. Nuclear debris was pelleted by centrifugation 
at 14,000 rpm for 15 min in a microcentrifuge, and 
supernatants were stored at -80°C. 

Total protein in cell or nuclear extracts was 
determined by use of the bicinchoninic acid (BCA) protein 
assay reagent (Pierce, Rockford, IL) . Protein samples of 
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infected cell extracts were boiled for 5 min with an equal 
volume of 2X Laemmli sample buffer (10% 2-mercaptoethanol, 4% 
SDS, 20% glycerol, 120 mM Tris-HCl [pH 6.8], 0.001% bromphenol 
blue) . Proteins were separated through a 4% stacking gel and 
5 an 8% resolving gel and were electrophoretically-transf erred 
to a nitrocellulose membrane (Schleicher & Schuell, Inc., 
Keene, NH) at 100V for 1 h at 4°C. After transfer, the 
membrane was blocked for 1 h at room temperature in TBST 
buffer (100 mM Tris-HCl [p H 7.5], 0.9% NaCl, 0.1% Tween 20) 
3 containing 1% gelatin (Sigma) . The nitrocellulose membrane 
was then incubated with a polyclonal anti-IE peptide-specif ic 
antiserum (l : i 0 00 dilution), followed by incubation with goat 
anti-rabbit antibody (Sigma; 1:30,000 dilution) conjugated to 
. alkaline phosphatase. This anti-IE peptide antibody was 
generated to a peptide spanning amino acids 425 to 445 of the 
IE protein and had been demonstrated to be highly reactive to 
the IE protein in immunofluorescence (IP) and Western blot 
analyses (Smith et al . , Virology 202: 760-770, 1994). Each 
antibody was incubated in TBST containing 0.1% gelatin for 2 h 
with shaking, followed by three washes with TBST containing 
0.1% gelatin for 15 min with shaking. The reactive proteins 
were visualized by incubating the membrane in NBT buffer (100 
mM Tris-HCl [ P H 9.5], 100 mM NaCl, 5.0 mM MgCl 2 , 0.33 mg/ml 
nitroblue tetrazolium [NBT, Gibco-BRL] , and 0.165 mg/ml 5- 
bromo-4-chloro-3-indolyl phosphate [BCIP] Gibco-BRL) . 

in the case of all l 7 IE mutant viruses, the mutant 
IE protein was synthesized in infected RK-13 cells. 
Representative data for four of the IE mutant viruses are 
shown in Figure 3. m contrast to the wild type IE protein 
which migrates on SDS Page as a band at about 190-200 kDa, 
KyAd644/824 produced an IE protein that migrates at about' 180 



30 

SUBSTITUTE SHEET (RULE 26) 



WO 02/09750 



PCT/US01/23612 



kDa. Mutant KyAnl029 harbors an IE ORF that lacks sequences 
encoding the 458 carboxyl terminal resides and thus, its IE 
gene product migrates at about 138 kDa. With the sole 
exception of the KyAASRT2 virus, the IE protein generated by 
each of the other 16 viruses migrated at the predicted 
molecular weight. The IE ORF of the KyAASRT2 virus lacks 
sequences encoding amino acids 88-243 and thus its predicted 
IE protein would migrate at approximately 179 kDa. An IE gene 
product of this size was detectable but at very low levels. 
This indicated that only very low titers of this mutant could 
be obtained. Alternatively, the IE protein encoded by the 
KyAASRT2 virus could be very unstable. 
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Example 4 

Growth of Mutant Viruses on RK-13 Cells 

RK-13 cells and IE13.1 cells were infected with 
mutant viruses at a range of dilutions. Infected cells were 
overlaid with 2% agarose mixed in a 1:1 ratio with 2X EMEM 
supplemented with 6% EES. Plaque formation was observed. 

A summary of the growth analyses of the 17 mutant 
viruses on RK-13 cells and the complementing IE13.1 cell line 
is depicted in Table 2. Importantly, all mutant viruses were 
capable of replication on the 1E13.1 complementing cell line. 
The six viruses containing point mutations within the minimal 
IE TAD that maps within amino acids 3-89 were able to grow on 
RK-13 cells. Viruses containing point mutations at highly 
conserved residues within the IE TAD such as at leucine 12 and 
at phenylalanine 15 were able to grow on RK-13 cells. 
Similarly, KyAL12P, which contains a leucine .to proline 
substitution at amino acid 12 that would be expected to 
severely alter the secondary structure of the IE TAD, was also 
able to propagate on RK-13. cells. Of the mutant viruses that 
contain deletions within the IE ORP, KyAASRTl , KyAASRT2 ; 
KyAdl78/627, and KyA552/897 were unable to grow in the absence 
of the wild-type IE protein produced by the 
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TABLE 2 

Growth of BE Mutants on RK-13 and IE13.1 Cell Lines 

X7 . _ Virus Growth 11 

a Mutation In BE ORE RK-13CeIls IE 13.1 Cells 

WTKyA None Y es Yes 

KyAASRTl SRT Deletion aa 181-250 No Yes 

KyAASRT2 SRT Deletion aa 88-243 No Yes 

KyAdl78/627 DNA Binding Domain aa 178-627 No Yes 

KyAd552/897 Deleted aa 552-897 N o Yes 

KyA644/824 Deleted aa 644-824 Yes Yes 

KyAn627 Nonsense Mutation @ aa 627 No Yes 

KyAn951 Nonsense Mutation @ aa 951 No Yes 

KyAnl029 Nonsense Mutation @ aa 1029 Yes Yes 

KyAnl41 1 Nonsense Mutation @ aa 141 1 Yes Yes 

KyAln628 Insertion @ aa 628 Yes Yes 

KyAlnl411 Insertion @ aa 1411 Yes Yes 

KyAD20N Point Mutation Within the IE TAD Yes Yes 

KyAD24N Point Mutation Within the IE TAD Yes Yes 

KyAL12P Point Mutation Within the IE TAD No Yes 

KyAL12E Point Mutation Within the IE TAD Yes Yes 

KyAF15D Point Mutation Within the IE TAD Yes Yes 

KyAE34Q Point Mutation Within the IE TAD Yes Yes 

"Table depicts a summary of the growth of various EHV-1 viruses harboring mutations 
within the IE protein propagated on RK-13 cell line and the IE protein-producing cell 
line,IE13.1. Viruses that have deletions or mutations within the serine-rich tract the 
DNA binding domain, or the NLS failed to grow in the absence of a complementing IE 
protein. r & 



IE13.1 cell line. Both KyAASRTl and KyAASRT2 delete the 
entire SRT region of the IE protein, although the deletion 
within the IE ORF of KyAASRT2 (residues 88-243) is in very 
close proximity to the IE TAD and may affect the function 
and/ or conformation of this critical domain. KyAd644/824 
contains a deletion within region 3 of the IE protein and 
demonstrated no defect in growth on RK-13 cells, indicating 
that this region contains no domains essential for the IE 
protein to transactivate early genes required for virus 
replication. In addition to the four deletion mutants 
described above, mutant EHV-1 that contain nonsense 
mutations at amino acids 62 7 and 951 were not able to 
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replicate on RK-13 cells (both of these mutants lack the 
nuclear localization signal) . Nonsense mutations at amino 
acids 1411(KyAnl 4 n) and 1029 (KyAnl029) had no effect on 
the growth of these viruses on non-complementing cells. 
However, plaques generated by KyAnl029 were larger than 
those produced by wild-type KyA, and the appearance of 
plaques generated by KyAnl029 was delayed as .compared to 
the wild- type KyA virus. Finally, insertion mutations 
within the IE ORF of KyAIn628 and KyAInl411 had no 
deleterious effect on the growth or the phenotype of these 
mutants on RK-13 cells. 

Growth curve analyses were performed to determine 
whether mutant viruses could grow in RK-13 cells and yield 
virus titers comparable to those observed with wild-type 
EHV-1. rk-13 cells were infected with either wild-type 
EHV-1 or mutant virus at an MOI of l. Aliquots of the 
culture supernatants were removed at various times post- 
infection and analyzed by plaque assay on RK-13 cells. As 
shown in Figure 4, KyAInl411, KyAIn62 8, and KyAd644/824 
grew to levels comparable to that of wild- type EHV-1. 
However, the titers of KyAnl411 and KyAnl029 were 
significantly lower than that of wild-type virus, 
demonstrating that these deletions within the IE ORF 
impaired IE function and, ultimately, growth of the virus. 
This observation is consistent with the recent findings 
(Buczynski et al., Virus Res. 65: 131-140, 1999) that 
sequences within the carboxyl -terminus of the IE protein 
are essential for the IE protein to display maximal 
transactivation function. 
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Example 5 

Temperature Sensitivity of Mutant Viruses 

To determine whether mutations within the IE ORF 
affect virus growth at elevated or depressed temperatures, 
temperature shift experiments were performed. Wild- type 
EHV-1 or mutant viruses were serially diluted and plated in 
triplicate onto RK-13 cells. Plates were incubated at 33°C, 
3 7°C, or 3 9°C for five days and fixed using 10% buffered 
formalin (Sigma, St. Louis, MO). Following staining with 
methylene blue, plaques were enumerated to determine 
plating efficiency at the various temperatures. 

Wild- type EHV-1 replicated efficiently at both 
33°C and 3 7°C, but virus yield was reduced by approximately 
70% at 39°C. Additionally, the plaque size of wild-type 
EHV-1 was significantly reduced at 39°C to an extent that 
the very small plaque size made plating efficiency 
difficult to calculate. However, differences between the 
growth of wild-type EHV-1 and mutant viruses on RK-13 cells 
could be established. Mutant viruses were divided into two 
groups based on their ability or inability tq grow at 3 9°C 
(Table 3). Viruses KyAnl029, KyAIn628, KyAnl411 and 
KyAASRT2 were categorized into Group 1 based on a severe 
impairment of growth in RK-13 cells at 39°C as compared to 
growth observed for wild-type KyA. Both KyAnl029 and 
KyAnl411 displayed impaired growth at both at 3 7°C (Figure 
4) and at 39°C (Table 3) . Viruses categorized into Group 2 
(Table 3), with the exception of KyAInl411, grew at 39°C, 
although some impairment of growth was observed. KyAInl4ll 
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was able to grow at 33°C, 37°C and 39°C to levels that 
appeared to be comparable to those of wild-type EHV-l. 
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TABLE 3 
Temperature Sensitive Phenotype 

Group I Mutants Plaques @ 3 9°C a 

KyAnl 029 Nonsense Mutation @ aa 1029 None 

KyAnl029 Nonsense Mutation @ aa 1029 None 

KyAnl 1411 Nonsense Mutation @ aa 1 141 1 None 

KyAln628 Insertion @ aa 628 None 

KyAASRT2 Deleted aa 88-243 None 
Group II Mutants 

KyAd644/824 Deleted aa 644-824 4+ 

KyAlnl411 Insertion @ aa 141 1 -h-i- 

KyAD24N Point Mutation Within IE TAD 4+ 

KyALl 2P Point Mutation Within IE TAD -H- 

KyAL12E Point Mutation Within IE TAD ++ 

KyAFl 5D Point Mutation Within IE TAD ++ 

KyAE34Q Point Mutation Within IE TAD ++ 

a Viruses were divided into two groups a and H) based on their on their ability or inability to grow at 3 
as compared to wild-type EHV-1 . Growth at 39°C scored as comparable to wildtype EHV-1 +++ 
corresponds to titers that range from 10 4 -10" 5 . ++ corresponds to titers that range fiom l^-lO* 4 
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Example 6 

Molecular Phenotype of Selected Virus Mutants 

Several viral mutants, KyAnl029, KyAnl411, 
KyAASRT2 and KyAd644/824 were selected for initial studies 
to define their molecular phenotype. 

To characterize the defects of these mutant 
viruses at the level of gene expression, ribqnuclease 
protection assays (RPA) were performed. The sensitivity of 
the RPA would allow identification of differences in the 
levels of expression of the IE gene, the EICPO gene (an 
early auxiliary regulatory gene important in the expression 
of late genes) , and the glycoprotein D (gD) gene (an 
important late gene essential for virus replication) . RK- 
13 cells were mock-infected or infected with wild- type EHV- 
1, KyAnl029, KyAnl411, KyAASRT2 or KyAd644/824 at an MOI of 
10. Cells were harvested at specific times (such as 3, 5, 
9 hours) post-infection, and total RNA was isolated using 
TRIZOL REAGENT (Life Technologies) as per the 
manufacturer's protocol. For RPA, the RIBOQUANT RNASE 
PROTECTION ASSAY SYSTEM (Pharmingen, San Diego, CA) was 
utilized as per the manufacturer's instructions. 
Approximately 20 of total RNA was used for each reaction 
of the RPA. Probes for RPA analyses were generated using 
Promega's (Madison, WI) RIBOPROBE IN VITRO TRANSCRIPTION 
SYSTEM. For IE probes, plasmid pG3IE was digested with 
BamHI to generate run-off transcripts. Plasmid pG3IE was 
constructed by cloning an Nhel/Dral fragment containing the 
entire 4, 773 -bp IE ORF into the Xbal/Smal sites of plasmid 
PGEM-3Z (Promega, Madison, WI) . Digested pG3IE plasmid was 
purified by phenol -chloroform extraction and ethanol 
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precipitation, and approximately 1 ug of plasmid was used 
for riboprobe generation as per the manufacturer's 
instructions. For ElCPO-specif ic probes, plasmid pGEMICPOK 
(Bowles et al. J. Virol. 71:4904-4914, 1997; Bowies' et al . , 
J. Virol. 74: 1200-1208, 2000) was digested with Nhel , and 
run-off transcripts were generated and purified as 
described above. For glycoprotein D- specific probes, 
plasmid p72D392 (Zhang et al . Virus Res. 56:11-24, 1998) 
was transcribed directly using the Promega's RIBOPROBE IN 
VITRO TRANSCRIPTION SYSTEM. mRNA levels were quantitated 
by using the MOLECULAR DYNAMICS PHOSPHOIMAGERY SYSTEM 
(Sunnyvale, CA) . 

The levels of gene expression are summarized in 
Table 4. Analyses of KyAd644/824 by RPA clearly showed 
that gene expression at all time points was comparable to 
that obtained for wild-type EHV-1. These data are 
concordant with data obtained from growth curve analyses in 
that titers of KyAd644/824 were similar to those obtained 
for wild-type EHV-l. However, examination of the 
expression of these representative genes in RK-13 cells 
infected with KyAnl029, KyAnl411 and KyAASRT2 viruses 
revealed reduced levels of these viral transcripts 
especially at later time points during infection. While 
the expression of the IE gene in KyAnl02 9 -infected cells 
was unaffected at both 3 and 5 h post-infection, the level 
of IE mRNA at 9 h post-infection was reduced almost three- 
fold. Furthermore, EICP0 mRNA synthesis was reduced at all 
time points tested in KyAnl 02 9 -infected cells, suggesting 
again that the carboxyl- terminus of the IE protein is 
important for full activity of this regulatory protein. 
The reduction in EICP0 gene expression also significantly 
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impacted late gene expression, as seen from the gD mRNA 
synthesis which was reduced by more than three- fold at late 
times during infection. Analyses of KyAASRT2 gene 
expression by RPA clearly demonstrated that deletion of the 
SRT region did not affect IE gene expression, but both 
EICPO and gD gene expression was reduced to levels barely 
detectable at 9 h post-infection. Defects in both early 
and late gene expression irrevocably impaired the virus, 
thereby making the KyAASRT2 virus unable to propagate in 
RK-13 cells. 



TABLE 4 
Summary of RPA Analyses 



Virus Mutant 
KyAd644/824 



%KyA WT mRNA Expression 8 
3hr p.L 5hr p.i. 9hr p.L 



IE 


98% 


99% 


97% 


EICPO 


99% 


92% 


95% 


gD 


_b 


98% 


89% 


KyAnl029 








IE 


99% 


92% 


34% 


EICPO 


46% 


57% 


36% 


gD 


_b 


78% 


29% 


KyAnl411 








IE 


98% 


97% 


98% 


EICPO 


98% 


88% 


86% 


gD 


_b 


85% 


80% 


KyAASRT2 








IE 


98% 


97% 


92% 


EICPO 


99% 


42% 


3% 


gD 


_b 


7% 


5% 
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8 Values shown are depicted as the precent mRNA detected as compared to those 
obtained for wild-type EHV-1 IE, EICPO, and gD mRNA expression. 

gD is a late gene and no gD transcript was detected at immediate-early times in cells 
infected with wild-type virus or any of the mutant viruses. 
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Example 7 
Testing Mutant Viruses in Mice 



Mutant viruses KyAd644/824 / KyAnl411, KyAinl411 
and KyAE34Q were tested in mice. 

Female CBA (H-2k) mice, 3 to 6 weeks of age, were 
obtained from Harlan Sprague Dawley, Indianapolis, Ind. , or 
Jackson Laboratory Bar Harbor, Maine. Mice were maintained 
in the Animal Resource Facility of the Louisiana State 
University Medical Center, Shreveport, in cages equipped 
with filter tops. All mice were rested for a minimum of 1 
week prior to use. 

Mice were anesthetized with Halothane (Sigma 
Chemical Co., St. Louis, Mo.) and inoculated intranasally 
(i.n.) with 2 x 10 6 PFU of EHV-1 KyA or a mutant virus in a 
volume of 50 /xl. Control mice received 50 fxl of culture 
medium alone. 



Attenuation 

Immunized mice were monitored daily for 
development of clinical signs of EHV-1 infection such as 
ruffled fur, loss of body weight, labored breathing, 
lethargy and huddling, as described by, e.g., Colle et al . 
Virus Res. 43: 111-124 (1996) and Zhang et al . Virus Res. 
56: 11-24 (1998). No clinical disease was observed with 
mice infected with any of the four mutant viruses tested. 

In addition, the levels of virus present in the 
lungs on days 2, 5 and 8 post-innoculation were determined 
by plaque titration on RK-13 cell monolayers. virus were 
isolated from the lung as described by Colle et al . (1996) 
and by Smith et al . J. Virol. 72: 5366-5372 (1998). 
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CTL Response 

To assess primary CTL responses, lymphocytes were 
isolated from the mediastinal lymph nodes (MLN) 5 days 
postinoculation, and a single-cell suspension was obtained 
by pressing the lymphoid tissues through a 6 0 -gauge wire 
mesh screen. The lymphocytes were washed and cultured (10 7 
cells per well) for 3 days at 37°C and 5% C0 2 in 12 -well 
flat-bottom plates (Corning Inc., Corning, N.Y.) in 
complete RPMI 1640 (Sigma) containing 5% FCS, 20 M M - 
mercaptoethanol, 20 mM HEPES, 2 mM L-glutamine and 
antibiotics. Cytolytic activity was assessed in a standard 
4-h 51 Cr release assay in 96-well V-bottom plates (Nunc, 
Denmark) at a range of effector-to-target ratios against 10 4 

51 

Cr- labeled, infected or uninfected target LM cells. 

As indicated in Figures 5A-5C, all four mutant 
viruses tested, KyAd644/824, KyAnl411, KyAinl411 and 
KyAE34Q, induced a CTL response at a level similar to that 
induced by parent KyA virus . 

To assess memory CTL responses, mice were 
infected as described above and maintained for 2-26 weeks. 
Spleen tissues were pressed through a 60-gauge wire mesh 
screen, and the cell suspension was subjected to a brief 
exposure at at 37°C to Tris-buf f ered 0.83 NH 4 C1 to lyse 
erythrocytes. The resulting lymphocytes were then cultured 
(10 7 cells per well) in complete RPMI 1640 at 37»C and 5% 
C0 2 , for 5 days in 12 -well flat-bottom plates in the 
presence of 3 x 10 5 mitomycin C-treated stimulator cells, as 
described by Jennings et al. Cell. Immunol. 133: 234-252 
(1991). The stimulator cells were L-M mouse fibroblasts 
cells that had been infected with EHV-1 KyA at a 
multiplicity of infection of 10 for 18 h to allow the 
expression of late viral gene products. Cytolytic activity 
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was assessed in a standard 4-h 51 Cr release assay in 96-well 
V-bottom plates (Nunc, Denmark) against 10 4 sl Cr-labeled, 
infected or uninfected LM cells. 

EHV-1 Specific Antibody in the Serum of Immunized Mice 

Serum samples from immunized and control mice 
were assayed for the presence of neutralizing antibody 
(nAb) . Briefly, after the sera were heated to 56°C for l h 
to inactivate complement, serial, two- fold serum dilutions 
(1:20 to 1:1028) were incubated with 3 x 10 3 pfu EHV-1 KyA 
for 1 h at 37°C. Each sample was assayed in triplicate for 
infectious virus by plaque assay on RK-13 cell monolayers. 
The nAb titer was determined as the reciprocal of the 
highest dilution of serum resulting in a 50% reduction in 
pfu. Preimmune serum was employed as a control. 

EHV-Specific Antibody Secreting Cells (ASC) 

On specified days postchallenge, the mice were 
terminated, and the lungs, MLN, and CLN were removed, and 
the spectrum of ASC was determined by ELISPOT assay. To 
generate a single-cell suspension from the lung tissue, the 
tissue was fragmented with sicssors and then pressed 
through a 60-gauge screen. After centrif ugation, the cells 
were resuspended in 10 ml collagenase type 

L/deoxyribonuclease L solution (250:50 U/ml; Gibco-BRL) and 
incubated in a shaker at 37«C for 90 min. The cells were 
then treated with 3 ml of Tris-buf f ered 0.83% NH 4 CL solution 
for 5 min at 37°C to lyse red blood cells. The cells were 
resuspended in Dulbecco's modified Eagle's medium, 
supplement with 5% calf serum and antibiotics (DMEM-5) . To 
generate a single-cell suspension from MLN and CLN, the 
tissues were pressed through a 6 0-gauge screen without 
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additional treatment. To generate a single-cell suspension 
from spleens, splenic tissue was pressed through a 60-gauge 
screen and treated with Tris-NH 4 CL, as before. 

ELISPOT assay. Briefly, nitrocellulose-based 
microtiter 96-well plates (Millititer-HA, Millipore 
Corporation, Bedford, MA) were coated with EHV-1 KyA- 
infected cell lysate (10-200 jig/ml) in phosphate-buf f ered 
saline (PBS) and incubated in humidified chambers at 4°c 
overnight, or at 37°C for 2 h. Coated plates were stored at 
4°C until use. For each experimental determination, the 
coating buffer (PBS) was decanted and the plates were 
washed three times by rinsing with PBS. Potential 
remaining binding sites were saturated with 5% fetal calf 
serum in PBS or 1% bovine serum albumin (Sigma Chemical 
Co., St. Louis, MO) in PBS for 30 min at 37<>C. Following 
additional washes, the lymphocytes, diluted to the 
appropriate concentration (lo 3 to 10 s cells/well) in DMEM-5, 
were added to the coated plates. Lipopolysaccharide (DPS, 
5 Mg/well ; Calbiochem-Novabiochem, La Jolla, CA) was added 
as a nonspecific activator of B cells. A control plate of 
uninfected cells was also used for the' assays and was 
treated in the same manner as the plates of EHV-1 infected 
cells. 

The cells were incubated for 3 to 4 h at 37° c in 
5% C0 2 and then were discarded by washing with PBS 
containing 0.005% Tween 20 (PBST) . One hundred microliters 
of alkaline phosphatase-conjugated antibody was added to 
each well, and the plates were incubated for 2 to 3 h at 
room temperature in humidified chambers. After thorough 
washing, the spots corresponding to EHV-1 -specific ASC were 
visualized by adding 5-bromo-4chloro-3-indolyphosphate p- 
toluidine salt (BCIP, Gibco-BRL) and Nitroblue tetrazolium 
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chloride (NBT, Gibco-BRL) as substrate, according to the 
manufacturer's instructions, for 5 to 3 0 min until the blue 
color developed. The nitrocellulose membranes were washed 
for a few seconds in water to stop the reaction. After 2 
to 24 h, EHV-l-specific ASC were counted under low (10-3 OX) 
magnification in a light microscope. 

Induction of Protective Immunity 

Immunized mice were lightly anesthetized with 
Halothane (Halocarbon Laboratories, River Edge, NJ) and 
then inoculated intranasally with a pathogenic EHV-1 strain 
at 2 x 10 6 pfu diluted into PBS (50 nl total volume/mouse) . 

Mice were monitored daily for the development of 
. clinical signs of EHV-1 infection such as ruffled fur, loss 
of body weight, labored breathing, lethargy and huddling. 

In addition, the level of virus in the lungs of 
challenged mice were determined. Lungs from the challenged 
animals were isolated at days 2, 5 and 10 post -challenge . 
Virus was recovered from mouse lung tissue as described 
previously by Awan, et al . J. Gen. Virol. 71: 1131-1140 
(1990). Tissues were homogenized in 1 ml Eagles minimal 
essential medium using a 2 ml Wheaton Dounce homogenizer. 
Each sample was then sonicated in an Ultrasonic processor 
(Heat Systems-Ultrasonics, Inc., Farmingdale, NY) for one 
minute and then centrifuged at 3,000 rpm for ten minutes to 
remove cell debris. Samples were stored at -70°C until 
virus was quantitated by plaque assay on RK cells. 
Statistical analyses were done using the SigmaStat software 
(Jandel, Corp., San Rafael, CA) . 
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SEQ ID NO: 1 (Equine herpesvirus type 1 immediate -early gene, 
GENE BANK Accession number J04366) 

1 cccggggagg agacgcatgc agatgagatg tgcatcgagg tgtcatggcg tccaggggcg 
61 ttcaccttta tgcatatgag aggcgctatt cggcatcccg ttggcgcgac gcgcttccct 
121 gggaggagac atacgcaaat tagaaacgac acacgggttc taattggttg gagcgggggg 
181 gaggcgaaaa gcgcatgcaa atgcaaagcg cgggaccggg ccccataggc tagagccgct 
241 acacgcccac cgcccatcat caacggccaa tcacaatcga tagtgtgggc tggccactcc 
3 01 cactaggggg aaggcaaaac tccctcgtag tagtataaag cacctgttgc ttacccatcg 
361 tagcatcgcg gactagagag cctttcagct cactggacca gccagccttc gaggactatc 
421 gatcgcatct tggaaagctt acccgctctt ggcactcctt cttcggcttg cggaggtaag 
481 agctccccgg ggacacgacc ggcttcgatc tgcttcttct cccggggaga gcgttagaga 
541 acggggcgag tgccaaaaag gccatggaac ccctccaaca acgatgtccc gagggggtgg 
601 ctccgaggcc cgcttcgacc tagcggtcga agcgcggtgg ggatacttac ctcgaagccg 
661 gcgaaggcta taccttcccc gggcagaccc gggcggcttc tgcctcggcg gagctcggcg 
721 cggaagcctg gatatctgac ggggcgtggt taccacccaa gcgggggaga ggcccgggcc 
781 gcccgcgttc ccttttacca ttcggctccg ctccaactca acatcttttc cgcctctgct 
841 tttccagggt agagaagcgg cgcccgtcgt ccgagcgccc gccgcggaac cccgccaccg 
901 gccacccgcc aaccttccct tctcggtctt ccgagcgagc cttctcgtgc ggttggttct 
961 cgaccccgaa gccggagcta gcacgccatg gccagccagc gcagcgactt cgccccggac 
1021 ctctacgact tcatcgagag caacgacttc ggcgaggacc ccctcatccg cgcagccagc 
1081 gcggccgaag aggggttcac ccagcccgcc gcgcccgacc tgctgtacgg cagccagaac 
1141 atgttcgggg tggacgacgc tccgctctcc accccggtgg tggtcatccc tccgccgtct 
1201 ccggctcccg agccccgcgg agggaaggcg aagcggtcgc cctcggccgc cggcagcggc 
1261 ggtcctccta ccccggcggc tgccgcccag ccggcgtccc cggcacccag cccggctccg 
1321 gggctcgccg cgatgctgaa gatggtccac tcctccgtgg ccccggggaa cggtcgccgg 
1381 gccacgggct cctcatcacc cggcggtggg gacgcggccg acccggtcgc cctcgacagc 
1441 gataccgaga cctgcccggg gtccccgcag cccgagtttc catcctcggc ctccccgggc 
1501 ggagggtccc cggcaccccg ggtccggagc atctccatct catcgtcgtc ctcgtcctcg 
1561 tcctcgatgg acgaggacga ccaggcggat ggtgccgggg . cgagtagctc ctcttcgtcg 
1621 tcctccgacg acagcgacag cgacgaaggc ggcgaggagg agacccctcg cccgcggcac 
1681 tcgcagaacg ccgcgaagac cccgtcggcc gccggctctc ccgggccgtc ctccggaggg 
1741 gatcgcccgg ccgctggggc cgccaccccg aagagctgcc gctccggcgc cgcttccccc 
1801 ggcgcacccg ctccggctcc agcttcggcg cccgctccca gccgcccggg aggaggcctc 
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1861 ctccctccgg gggctcgcat tttagagtac ctggagggcg tccgcgaggc caatctggcc 
1921 aagacgctgg agaggcccga accgcccgcg gggatggctt ctccgccggg ccggagccct 
1981 caccggctcc ccaaggacca gcgtccgaaa tcggctctgg cgggagcgtc gaagcgcaag 
2041 cgggccaacc ccagacccag accccagacc cagacccagg caccggccga ggaggccccg 
2101 cagacggccg tgtgggactt gctggacatg aactcatccc aggctaccgg ggcggcggca 
2161 gcagcagcat cggccccggc ggcggcttcg tgcgccccgg gcgtctacca gcgcgagccg 
2221 cttctcaccc cgtccgggga cccctggccc gggtcggatc caccaccgat ggggagggtg 
2281 cgatacgggg ggaccgggga ctcgcgggac gggctgtggg acgaccccga gatagtcctg 
2341 gccgcctcgc gctacgccga ggcgcaggcc ccagtaccgg tcttcgtgcc ggagatgggg 
2401 gactccacca agcagtacaa cgctctggtc cgcatggtgt tcgagagccg cgaagccatg 
2461 tcctggctgc agaactctaa gctcagcggg caagaccaga acctggcgca gttctgccag 
2521 aagttcatcc acgctccgcg cggacacggg tccttcatca ccgggagcgt ggccaacccc 
2581 ctgccccaca tcggggacgc catggcggcc gggaacgcgc tctgggccct gccacacgcg 
2641 gccgcctcgg tggccatgag ccgccgctac gatcgcactc agaagagctt catcctccag 
2701 agcctccggc gcgcctacgc ggacatggcc tacccgagag acgaggcggg gaggccggac 
2761 tcactcgccg ccgtggccgg ctgcccggcc caggccgccg ctgccgcggc cagccagcaa 
2821 cagcccgagg ccccggcgcc ctcggtccgc gtccgcgaag cgtacacccg ggtctgcgcg 
2881 gccctcgggc cccgacgcaa ggctgccgcg gccgcggccg ctccggggac cagggcgccc 
2941 aggccgtccg ccttcagact cagggagctc ggggacgcct gcgtgctggc ctgccaggcc 
3 0 01 gtcttcgagg ccctcctgcg cctccgcggc ggggcgtccg ccgtccccgg actggacccc 
3 061 agcgagatcc cctctcccgc ctgccctccc gaggcgctgt gctccaaccc ggccgggctg 
3121 gagacggcgg ccctctccct ctacgaactc agggacctgg tcgagcgggc caggctcctc 
3181 ggggactctg accctaccca ccgcctgggc tccgacgagc tgcgcctcgc ggtgcgcgcc 
3241 gttctggtgg tggcccggac cgtggcgccg ctggtgcgct acaacgccga gggggcccgg 
33 01 gcccgggcct cggcctggac cgtcacccag gccgtgttca gcatacccag cctggtcggg 
3361 gggatgttgg gggaggccgt gtccctgctg gccccaccga ctcggtccca gcagccctca 
3421 tcgtcctcgc ccggcggcga gcccttctcc ggctccgcgg ccgcggaggg gagccttcag 
3481 accctgccgc ccctgtggcc caccgtcccc gggaagcagt .ccgcgacggt cccctcgtcc 
3541 cactcccagt ccccccagca ctcccagagc ggcggaggcg ccggggctac gaccgccacc 
3601 tgctgccggg ccacccagac aaacgcccgc tcccgggggc agcagcacca gccgcagaag 
3661 gcccgctccc ctcaggcggc cgcctccccg gcccacctca gccaggaggc gatgcccggc 
3721 tcctcctcgg acgaccgtgc catccacggg cgccccaggg gcaagagcgg caagcggcgc 
3781 tccgagcccc tggagccggc ggcccaggcc ggagcctcgg cctccttctc ctcgtccgcc 
3841 cgggggtacg atccctcggg gccggtcgac agccctccgg cccccaagcg cagggtggcc 
3901 accccgggcc accaggctcc ccgggccctg ggacccatgc cagccgaggg ccccgaccgt 
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3961 cggggcggat tcaggcgcgt tccccgcgga gactgccaca ctccgcggcc cagcgacgcg 
4021 gcttgcgcgg cctactgtcc ccccgagctg gtggcggagc tcatcgacaa ccagctgttc 
4081 cccgaggcct ggcgcccggc gctcaccttc gatccccagg ccctggccac catcgcggcc 
4141 cgctgcagcg gccccccggc ccgggacggc gcgcgcttag gggagctggc ggccagcggc 
4201 ccgctgagac ggagggccgc ctggatgcac cagatccccg acccagagga cgtgaaggtg 
4261 gtggtcctct actccccgct ccaggacgag gacctgctgg gcggactccc ggcctcccgc 
4321 cccggcggct ctcggcgcga gcccctctgg tccgacctca aggggggact ctcggcgctg 
4381 ctggcggccc tggggaaccg catcctcacc aagcggtccc acgcctgggc cggcaactgg 
4441 accggggccc cggacgtctc ggccctcaac gcccaggggg tcctgctgct gtcgaccggg 
4501 gacctggcct tcaccggctg cgtcgagtac ctctgcctgc gcctgggctc cgccaggcgc 
4561 aagctcctgg tgctggacgc ggtctccacc gaggattggc cccaggacgg tcccgcgatc 
4621 agccagtacc acatctacat gcgggccgcc ctgactccgc gggtcgcctg cgccgtgcgc 
4681 tggcccgggg agcgccacct cagccgcgcg gtcctcacct ccagcaccct cttcgggccc 
4741 ggactgttcg cgagggccga ggccgcgttc gcgcgcctgt acccggactc tgcgcccctg 
4801 aggctgtgcc gctcctccaa cgtggcctac acggtggaca ctcgcgccgg cgagcgcacc 
4861 cgcgttcccc tggctccgag ggagtaccgc cagcgcgtcc tgcccgacta cgacggctgc 
4921 aaggacatgc gggcccaggc cgagggcctc gggttccacg acccggactt tgaggagggc 
4981 gccgcgcaga gccaccgcgc ggccaaccga tggggactcg gggcctggct gcgccccgtg 
5041 tacctcgcct gcggccggcg cggcgctggg gccgtggagc cctcggagct tctgatcccc 
5101 gagctgctga gcgagttctg ccgggtggcg ctgctggagc ccgacgccga ggccgagccc 
5161 ctggtgctgc ccatcaccga ggctccccgc cgccgagccc cgcgggtcga ctgggagccc 
5221 gggttcggct ctcgctccac ctcggtcctg cacatggggg ccacggagct gtgcctgccg 
5281 gagcccgacg acgagctcga gatcgacggg gccggcgatg tggagctggt ggttgagcac 
5341 cccggcccga gccccggcgt ggcccaggcc ctccgccgcg ctcccatcaa gatcgaggtg 
5401 gtgtcggacg acgaggacgg aggagactgg tgcaatccgt acctctcctg aacacgatgg 
5461 agcgcctccc tgcggccgaa aacaagaaaa atcagtacat ccacaactat gtgtccgccc 
5521 agcacaacgc agactccgcc tagactcccg cctccatccg ctgacgctga accccgcccc 
5581 gccctctgct gacgcgaaga caaggccctc cccggacgac atgtgaggaa cgaagggggc 
5641 gttgtatcta gcagcccacg ttccttattg ctcacatgtc tgcccaatcg gtgggcactt 
5701 ccaggctttc ccctatcgct gagtggttgt ttttaataaa gtttttttta aattttgatt 
5761 gaccgcgtgg tctttgttta ctgggcgggt tgatgggcgg gttgatgggc gggttgatgg 
5821 gcgggttgat gggcgggttg atgggcgggt tgatgggcgg gttgatgggc gggttgatgg 
5881 gcgggttgat gggcgggttg atgggcgggt tgatgggcgg gttgatgggc gggttgatgg 
5941 gcgggttgat gggcgggttg atgggcgggt tgatgggcgg gttgatgggc gggttgatgg 
6001 gcgggttgat gggcgggttg atggttcctg ctcctcccct tcctgctcct ccccttcctg 
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6061 ctcctcccct tcctgctcct ccccttcctg ctcctcccct tcctgctcct ccccttcctg 
6121 ctcctcccct tcctgctcct ccccttcctg ctcctcccct tcctgctcct ccccttcctg 
6181 ctcctcccct tcctgctcct ccccttccgc tacgtcacta ccgcctacgt cactaccgga 
6241. ctcctcccct tccgcttccg gccacgcccc ttccggtgag ccccagcata gcagtgagcc 
63 01 ccagcatagc agtgacgtca ctttgacccc cccccttaga ccacgccccc ctattcaaat 
6361 gcggggggga gacgcgggct gggggggcca ggctctctct cgggcgcggg cccgtgaccc 
6421 ttgaccagat atggcccggg gccaggctct ctctcgggcg cgggcccgtg acccttgacc 
6481 agatatggcc cggggccagg ctctctctcg ggcgcgggcc cgtgaccctt gaccagatat 
6541 ggcccggggc caggctctct ctcgggcgcg ggcccgtgac ccttgaccag atatggcccg 
6 SOI gggccaggct ctctctcggg cgcgggcccg tgacccttga ccagatatgg cccggggcca 
6661 ggctctctct cgggcgcggg cccgtgaccc ttgaccagat atggcccggg gccaggctct 
6721 ctctcgggcg cgggcccgtg acccttgacc agatatggcc cggggccagg ctctctctcg 
6781 ggcgcgggcc cgtgaccctt gaccagatat ggcccggggc caggctctct ctcgggcgcg 
6841 ggcccgtgac ccttgaccag atatggcccg gggccaggct ctctctcggg cgcgggcccg 
6901 tgacccttga ccagatatgg cccggggcca ggctctctct cgggcgcggg cccgtgaccc 
6961 ttgaccagat atggcccggg gccaggctct ctctcgggcg cgggcccgtg acccttgacc 
7021 agatatggcc cggggccagg ctctctctcg ggcgcgggcc cgtgaccctt gaccagatat 
7081 ggcccggggc caggctctct ctcgggcgcg ggcccgtgac ccttgaccag atatggcccg 
7141 gggccaggct ctctctcggg cgcgggcccg tgacccttga ccagatatgg cccggggcca 
7201 ggctctctct cgggcgcggg cccgtgaccc ttgaccagat atggcccggg gccaggctct 
7261 ctctcgggcg cgggcccgtg acccttgacc agatatggcc cggggccagg ctctctctcg 
7321 ggcgcgggcc cgtgaccctt gaccagatat ggcccggggc caggctctct ctcgggcgcg 
7381 ggcccgtgac ccttgaccag atatggcccg gggccaggct ctctctcggg cgcgggcccg 
7441 tgacccttga ccagatatgg cccgggtaga gagagactgg gttcagaaga gccagagtgg 
7501 gtctgtaaag acaagggagt gggacgcggg tggtgggaag tggctcaaca ccgtggccgg 
7561 agatggttgg ggagggggaa aatgggggaa atatagtaaa ctagtttact actggtacta 
7621 ttccacggtt atagcatttc taagctggtc cgaggaggag agtagaaagg actcaatgtg 
7681 tccatttgtg tgatatatag tctgtgaccc ctagtaacac tactgccatt agtttctccc 
7741 cactatatgc tcagcttgtc tataccgcgc tcacactcag gaggttaggt gtgctaatag 
7801 gccaatcggg gggggggggg ggtgtggtgg taaatagcgg catcccccct agagcagata 
7861 aactggagtt taatagggct agggcagggg gctagggcag ggggctaggg cagggggcta 
7921 gggcaggggg ctagggcagg gggctagggc agggggctag ggcagggggc tagggcaggg 
7981 ggctagggca gggggctagg gcagggggct agggcagggg gctagggcag ggggctaggg 
8041 cagggggcta gggcaggggg ctagggcagg gggctagggc agggggctag ggcagggggc 
8101 tagggcaggg ggctagggca gggggctagg gcagggggct agggcagggg gctagggcag 
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8161 ggggctaggg cagg 



SEQ ID NO: 2 (Equine herpesvirus type l immediate- early protein, 
1487 amino acid) 

1 masgrsdfap dlydfiesnd fgedpliraa saaeegftgp aapdllygsq nmfgvddapl 
61 stpwvippp spapeprggk akrspsaags ggpptpaaaa qpaspapspa pglaamlkmv 
121 hssyapgngr ratgssspgg gdaadpvald sdtetcpgsp qpefpssasp gggspaprvr 
181 srsissssss sssmdeddqa dgagasssss sssddsdsde -ggeeetprpr hsqnaaktps 
241 aagspgpssg gdrpaagaat pkscrsgaas pgapapapas apapsrpggg llppgarile 
3 01 ylegvreanl aktlerpepp agmasppgrs phrlpkdqrp ksalagaskr kranprprpq 
361 tqtqapaeea pqtavwdlld mnssgatgaa aaaasapaaa scapgvyqre plltpsgdpw 
421 pgsdpppmgr vryggtgdsr dglwddpeiv laasryaeaq apvpvfvpem gdstkgynal 
481 vrmvfesrea mswlqnskls ggdqnlaqfc gkfihaprgh gsfitgsvan plphigdama 
541 agnalwalph aaasvamsrr ydrtqksfil qslrrayadm ayprdeagrp dslaavagcp 
601 aqaaaaaasq qqpeapapsv rvreaytrvc aalgprrkaa aaaaapgtra prpsafrlre 

l9dacvlacq avfeallrlr ggasavpgld pseipspacp pealcsnpag letaalslye 
721 lrdlverarl lgdsdpthrl gsdelrlavr avlwartva plvrynaega rarasawtvt 
781 gavfsxpslv ggmlgeavsl lapptrsqgp sssspggepf sgsaaaegsl qtlpplwptv 
841 pgkgsatvps shsqspqhsg sgggagatta tccratqtna rsrgqqhqpq karspqaaas 
901 pahlsqeamp gsssddraih grprgksgkr rseplepaaq agasasfsss argydpsgpv 
, ds PPfP*rry atpghqapra lgpmpaegpd rrggfrrvpr gdchtprpsd aacaaycppe 

J^i 1 ^ fpe f wr Pf lt fdPqalatia arcsgppard garlgelaas gplrrraaL 
1081 hqipdpedvk wvlysplqd edllgglpas rpggsrrepl wsdlkgglsa llaalgnril ' 
1141 tkrshawagn wtgapdvsal naqgvlllst gdlaftgcve ylclrlgsar rkllvldavs 
1201 tedwpqdgpa isqyhiymra altprvacav rwpgerhlsr avltsstlfg pglfaraeaa 

f a S? > ^ aP lrlcr ? snva ytvdtrager trvplaprey rqrvlpdydg ckdmraqaeg 

1 ^ hd P dfee gaaqshraan rwglgawlrp vylacgrrga gavepselli pellsef crv 
Til, all ®P daeae Plvlpiteap rrraprvdwe pgfgsrstsv lhmgatelcl pepddeleid 
1441 gagdvelwe hpgpspgvaq alrrapikie wsddedggd wcnpyls ~ 

SEQ ID NO: 3 5 ' CCTTCCCTTCTCGGTCTT3 ' 

SEQ ID NO: 4 5 ' CTCCACCCCGAACATGTT3 ' 

SEQ ID NO: 5 5 ' GGGTAACGCCAGGGTTTT3 ' 
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We claim: 

1. An EHV-l isolate comprising a mutation selected 
from Table 1. 

2. The EHV-l isolate of claim 1, wherein said EHV-l 
isolate is of a strain selected from KyA, KyD, 
Abl, Ab4, RacLll, RacM or RacH. 

3. An EHV-l isolate selected from the group 
consisting of KyAASRTl, KyAASRT2 , KyAdl78/627, 
KyA552/897, KyA644/824, KyAn627, KyAn951, 
KyAnl029, KyAnl411, KyAin628 / KyAinl411 / KyAD2 ON , 
KyAD24N, KyAL12P, KynL12E, KyAF15D and KyAE34Q. 



4 . 



A replication-competent EHV-l isolate comprising 
a mutation in the IE gene. 

The EHV-l isolate of claim 4, wherein said 
mutation is a substitution of an amino acid 
residue within aa 1-89, 181-220, 422-597 or 963- 
970 . 

The EHV-l isolate of claim 5, wherein said 
substitution is selected from D2 0N, D24N, L12E, 
F15D or E34Q. 

The EHV-l isolate of claim 4, wherein said 
mutation is a deletion or insertion of at least 
about three amino acid residues within aa 90-180, 
221-421, 598-962 or 963-1487. 
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8. The EHV-l isolate of claim 7, wherein said 
mutation is selected from d644/824, n627, nl029, 
nl411, in628 or inl411. 

9. The EHV-l isolate of claim 4, wherein said EHV-l 
isolate is non-pathogenic. 

10. The EHV-l isolate of claim 9, wherein said EHV-l 
isolate is of a strain selected from KyA, KyD, 
Abl, Ab4, RacLll, RacM or RacH. 

11. The EHV-l isolate of claim 10, wherein the 
mutation in the IE gene of said EHV-l isolate is 
a substitution of an amino acid residue within aa 
1-89, 181-220, 422-597 or 963-970. 

12. The EHV-l isolate of claim 11, wherein said 
mutation is selected from D20N, D24N, L12E, F15D 
or E34Q. 

13. The EHV-l isolate of claim 12, selected from 
KyAD20N, KyAD24N, KyAL12E, KyAFlSD or KyAE34Q. 

14. The EHV-l isolate of claim 10, wherein the 
mutation in the IE gene of said EHV-l isolate is 
a deletion or insertion of at least about three 
amino acid residues within aa 90-180, 221-421, 
598-962 or 963-1487. 

15. The EHV-l isolate of claim 14, wher.ein said 
isolate is selected from d644/824, n627, nl029, 
nl411, in628 or inl411. 
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16. The EHV-1 isolate of claim 15 selected from 
KyAd644/824, KyAn627, KyAnl029 / KyAnl411, 
KyAin628 or KyAinl411. 

17. A immunogenic composition comprising a 
pharmaceutical -acceptable carrier and a 
nonpathogenic, repli cat ion -competent EHV-1 
isolate, wherein said EHV-1 isolate comprises a 
mutation in the IE gene. 

18. The immunogenic composition of claim 17, wherein 
said EHV-1 isolate is of a non-pathogenic strain 
selected from KyA, KyD, Abl, Ab4 , RacLll, RacM or 
RacH. 

19. The immunogenic composition of claim 18, wherein 
the mutation in the IE gene of said isolate is a 
substitution of an amino acid residue within aa 
1-89, 181-220, 422-597 or 963-970. 



20 



21. 



The immunogenic composition of claim 19, wherein 
said mutation is one of D20N, D24N, L12E, F15D or 
E34Q. 

The immunogenic composition of claim 20, wherein 
said EHV-1 isolate is selected from KyAD2 ON , 
KyAD24N, KynL12E, KyAFlSD or KyAE34Q . 



22. The immunogenic composition of claim 18, wherein 
the mutation in the IE gene of said isolate is a 
deletion or insertion of at least about three 
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amino acid residues within aa 90-180, 221-421, 
598-962 or 963-1487. 

23. The immunogenic composition of claim 22, wherein 
said mutation is selected from d644/824, n627, 
nl029, nl411, in628 or inl411. 



24. The immunogenic composition of claim 23, wherein 
said isolate is selected from KyAd644/824, 
KyAn62 7, KyAnl029, KyAnl411, KyAin628 or 
KyAinl411. 

25. A method of stimulating an immune response 
against EHV-1 in a horse subject, comprising 
administering to said subject an effective amount 
of a nonpathogenic, replication-competent EHV-1 
isolate, wherein said EHV-1 isolate comprises a 
mutation in the IE gene. 

26. The method of claim 25, wherein said EHV-1 
isolate is of a non-pathogenic strain selected 
from KyA, KyD, Abl, Ab4 , RacLll, RacM or RacH. 

27. The method of claim 26, wherein the mutation in 
the IE gene of said isolate is a substitution of 
an amino acid residue within aa 1-89, 181-220, 
422-597 or 963-970. 

28. The method of claim 27, wherein said mutation is 
one of D2 0N, D24N, L12E, F15D or E34Q. 
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29. The method of claim 28, wherein said EHV-1 
isolate is selected from KyAD20N, KyAD24N, 
KynL12E, KyAF15D or KyAE34Q. 

30. The method of claim 26, wherein the mutation in 
the IE gene of said isolate is a deletion or 
insertion of at least about three amino acid 
residues within aa 90-180, 221-421, 598-962 or 
963-1487. 

31. The method of claim 30, wherein said mutation is 
selected from d644/824, n627, nl029, nl411, in628 
or inl411. 

32. The method of claim 31, wherein said isolate is 
selected from KyAd644/824, KyAn627, KyAnl029, 
KyAnl411, KyAin62 8 or KyAinl411. 

33. The method of claim 25, wherein said immune 
response is a cell-mediated immune response or a 
humoral immune response. 

34. An vaccine composition comprising a 
pharmaceutical -acceptable carrier and a 
nonpathogenic, replication-competent EHV-1 
isolate, wherein said EHV-1 isolate comprises a 
mutation in the IE gene. 

35. The vaccine composition of claim 34, wherein said 
EHV-1 isolate is of a non-pathogenic strain 
selected from KyA, KyD, Abl, Ab4 , RacLll, RacM or 
RacH. 
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36. The vaccine composition of claim 35, wherein the 
mutation in the IE gene of said isolate is a 
substitution of an amino acid residue within aa 
1-89, 181-220, 422-597 or 963-970. 

37. The vaccine composition of claim 36, wherein said 
mutation is one of D20N, D24N, L12E, F15D or 
E34Q. 

38. The vaccine composition of claim 37, wherein said 
EHV-l isolate is selected from KyAD2 ON , KyAD24N, 
KynL12E, KyAF15D or KyAE34Q. 

39. The vaccine composition of claim 35, wherein the 
mutation in the IE gene of said isolate is a 
deletion or insertion of at least about three 
amino acid residues within aa 90-180, 221-421, 
598-962 or 963-1487. 

40. The vaccine composition of claim 39, wherein said 
mutation is selected from d644/824, n627, nl029, 
nl411, in628 or inl411. 

41. The vaccine composition of claim 40, wherein said 
isolate is selected from KyAd644/82'4 , KyAn627, 
KyAnl029, KyAnl411, KyAin628 or KyAinl411. 

42. A method of preventing or inhibiting an EHV-l 
infection in a horse subject, comprising 
administering to said subject a therapeutically 
effective amount of a nonpathogenic, replication - 

57 

SUBSTITUTE SHEET (RULE 26) 



WO 02/09750 



PCT/US01/23612 



competent EHV-1 isolate, wherein said EHV-1 
isolate comprises a mutation in the IE gene. 

43. The method of claim 42, wherein said EHV-1 
isolate is of a non-pathogenic strain selected 
from KyA, KyD, Abl, Ab4 , RacLll, RacM or RacH. 

44. The method of claim 43, wherein the mutation in 
the IE gene of said isolate is a substitution of 
an amino acid residue within aa 1-89, 181-220, 
422-597 or 963-970. 

45. The method of claim 44, wherein said mutation is 
one of D20N, D24N, L12E, F15D or E34Q. 

46. The method of claim 45, wherein said EHV-1 
isolate is selected from KyAD2 0N, KyAD24N, 
KynL12E, KyAFlSD or KyAE34Q. 

47. The method of claim 43, wherein the mutation in 
the IE gene of said isolate is a deletion or 
insertion of at least about three amino acid 
residues within aa 90-180, 221-421, 598-962 or 
963-1487. 

48. The method of claim 47, wherein said mutation is 
selected from d644/824, n627, nl029, nl411, in628 
or inl411. 

49. The method of claim 48, wherein said isolate is 
selected from KyAd644/824, KyAn627, KyAnl029, 
KyAnl411, KyAin628 or KyAinl411. 
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50. A method of determining the non-pathogenicity of 
an EHV-1 virus present in a horse subject 
previously administered with a non-pathogenic 
EHV-1 isolate, wherein said EHV-1 isolate 
comprises a mutation in the IE gene, said method 
comprising isolating said virus from said 
subject, detecting the presence of the mutant IE 
protein of said non-pathogenic isolate and the 
absence of a wild type IE protein in said virus, 
thereby determining said virus as non-pathogenic. 

51. The method of claim 50, wherein the mutant IE 
protein has a mobility on SDS PAGE different from 
that of a wild type IE protein. 

52. The method of claim 51, wherein the mutant IE 
protein comprises a deletion or insertion of 
amino acid residues, and wherein said detection 
of the IE protein is based on an antibody 
specific for the deleted or inserted amino acid 
residues . 

53 . A method of determining the non-pathogenicity of 
an EHV-1 virus present in a horse subject 
previously administered with a non-pathogenic 
EHV-1 isolate, wherein said EHV-1 isolate 
comprises a deletion in the IE gene, said method 
comprising detecting the absence in the serum of 
said subject of an antibody specific for the 
deleted portion of the IE protein, thereby 
determining said virus as non-pathogenic. 
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54 . A method of determining the non-pathogenicity of 
an EHV-1 virus present in a horse subject 
previously administered with a non-pathogenic 
EHV-l isolate, wherein said EHV-1 isolate 
comprises a mutation in the IE gene, said method 
comprising isolating said virus from said 
subject, detecting the absence of the wild type 
IE nucleotide sequence and the presence of the 
mutant IE nucleotide sequence, thereby 
determining said virus as non-pathogenic. 

55. A method of determining the non-pathogenicity of 
an EHV-1 virus present in a horse subject 
previously administered with a non -pathogenic 
EHV-l isolate, wherein said EHV-1 isolate 
comprises a mutation in the IE gene, said method 
comprising isolating said virus from said 
subject, determining the temperature sensitivity 
of said virus as identical to that of said non- 
pathogenic EHV-l isolate, thereby determining 
said virus as non-pathogenic. 
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